Treatment of Ag(CF 3 CO 2 ) with an equivalent of bis(diphenylphosphino)amide (dppa) gave a trinuclear trigonal-bipyramidal silver (I) 
Introduction
There has been an extensive interest in polynuclear d 10 metal complexes with phosphine ligands due to their potential application in intense and long-lived luminescence [1 -3] . The diverse photophysical and photochemical properties are related to metal-metal interactions in these complexes [4, 5] . Recently, the notable studies of Fenske, Yam and Liu have revealed polynucluear copper or silver complexes supported by tertiary phosphine ligands containing triangular M 3 (M = Cu or Ag) units to be capped by the bridging anions such as halides and chalcogenides [6 -8] . Structural features of trinuclear halogen-capped complexes with bidentate bis(diphenylphosphino)methane (dppm) [M 3 (µ 3 -X) 2 (µ-dppm) 3 ]X (M = Cu, Ag; X = Cl, Br, I) were found to be related to properties of metal-phosphorus coordination and metal-metal interactions [7 -15] . As an analogous ligand, neutral bidentate bis(diphenylphosphino)amide (dppa) shows a relatively high solubility as compared to dppm. Although the trinuclear halogen-capped trigonal-bipyramidal complexes [M 3 (µ 3 -X) 2 (µ-dppm) 3 ]X (M = Cu, Ag; X = Cl, Br, I) have been well documented, few analogous complexes with dppa ligands have been reported so far [16] . Silver(I) salts are often used in forming polynuclear complexes because silver(I) can eas-0932-0776 / 09 / 0200-0204 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ily form complexes with coordination numbers of two, three or four as needed to form many different conformations. For the understanding of reactive properties and structural features of silver complexes with dppa ligands, we set out to study the reactions of different silver(I) species with dppa ligands and describe syntheses and structures of a series of trinuclear trigonalbipyramidal silver(I) complexes with dppa ligands in this paper.
Experimental Section

General
All syntheses were performed in oven-dried glassware under a purified nitrogen atmosphere using standard Schlenk techniques. All reagents, unless otherwise stated, were purchased as analysis grade and were used without further purification. Bis(diphenylphosphino)amine (dppa) was synthesized from the reaction of Ph 2 PCl with (Me 3 Si)NH (SiMe 3 ) in toluene [17] . [19] were prepared according to procedures described in the literature. CF 3 COOAg and AgNO 3 were purchased from Alfa Ltd. Infrared spectra were recorded on a Digilab FTS-40 spectrophotometer with use of pressed KBr pellets. Electronic spectra were performed on a Hitachi U-3410 spectrophotometer. Microanalytical (C, H, N) data were obtained using a Perkin-Elmer 2400 elemental analyzer. 
A mixture of CF 3 COOAg (33 mg, 0.15 mmol) and dppa (578 mg, 0.15 mmol) dissolved in THF/CH 2 Cl 2 (40 mL, 1 : 1) was stirred overnight at r. t. The resulting colorless solution was filtered, and the volume of the filtrate was reduced to ca. 20 mL. Colorless block-shaped crystals of [Ag 3 (µ 3 [Ag 3 (µ 3 -Cl) 2 ) mounted in random orientation on glass fibers. Diffraction data were collected on a Bruker SMART Apex CCD diffractometer with MoK α radiation (λ = 0.71073Å) at 296 K using an ω scan mode. The collected frames were processed with the software SAINT [20] . The data were corrected for absorption using the program SADABS [21] . Structures were solved by Direct Methods and refined by full-matrix least-squares on F 2 using the SHELXTL software package [22] . All nonhydrogen atoms were refined anisotropically. The positions of all hydrogen atoms were generated geometrically (C sp 3 -H = 0.96, C sp 2 -H = 0.93 and O-H = 0.82Å) and included in the structure factor calculations with assigned isotropic displacement parameters but were not refined. 
Results and Discussion
We previously reported the isolation of a tetranuclear silver(I) complex [Ag 4 (µ-dppa) 2 3 ]·X (X = Cl, Br, I) were prepared via the reactions of AgNO 3 and bis (diphenylphosphino)methane (dppm) in the presence of the corresponding halides. Because of the similar character of the bridging ligands dppa and dppm, the formation of analogous complexes like [Ag 3 (µ 3 -I) 2 (µ-dppa) 3 ]·I in the presence of iodine ion is not surprising [11 -15] . The chloride ions in complex [1] 2 O. Each of the electronic absorption spectra of the three complexes shows one intense peak at about 365 nm. A comparison with that of the free dppa ligand suggests that the high-energy absorptions for the three complexes are obviously shifted toward higher wavelengths, thereby indicating a strong metalto-ligand charge transfer (MLCT) interaction between silver atoms and dppa ligands [24] .
The structures of three complexes [1] 4 ] were determined by r. t. single-crystal X-ray diffraction. The structures of the cationic species 1 and 2 are shown in Figs. 1 and 2 , respectively. Selected bond lengths and angles of the three complexes are compiled in Table 2 for comparison. Both complexes [1] 3 ] + (X = Cl, Br, I) [11, 13, 14] , both chloride atoms in 1 tri-cap the Ag 3 triangle from both sides, forming a [Ag 3 (µ 3 -Cl) 2 ] trigonal bypyramid; however, one chloride atom tri-caps three silver atoms from one side and the other bridges two silver atoms only from the opposite side in 2, forming an asymmetric [Ag 3 (µ-Cl)(µ 3 Table 2 ). The tricoordinate chloride atoms are at the apex of a trigonal pyramid with a sum of cone angles of ca. 215 • . All silver atoms in 1 display a distorted tetrahedral surrounding with the PAg-P angles (av. 124. 4 ]·2THF·MeOH·H 2 O). Similarly, the Ag-µ 3 -Cl-Ag bridges in 2 are also different with bond lengths 2.620(1), 2.749(1) and 2.779(1)Å for Ag(2)-Cl(1), Ag(1)-Cl(1) and Ag(3)-Cl(1), re-spectively; however, the Ag-µ-Cl-Ag bridge in 2 is almost symmetrical with bond lengths of 2.641(1)Å for Ag(1)-Cl(2) and 2.644(1)Å for Ag(3)-Cl(2) along with a Ag(1)-Cl(2)-Ag(2) angle of 70.6(1)
• . No reason can be given at this point for the different coordination modes of the two Cl atoms in 2 (µ vs. µ 3 ) which also distinguishes complexes 1 and 2. Although there are two kinds of silver atoms, tetrahedral geometry for Ag (1) and Ag(3) and trigonal geometry for Ag(2) in 2, the bond parameters seem to be less influenced by the different silver coordination geometries by comparison with 1 (see Table 2 ).
Each dppa bidentate ligand bridges one Ag···Ag edge, resulting in chair-type six-membered NP 2 Ag 2 Cl rings for 1 and 2, respectively, to construct a roughly planar [Ag 3 P 6 ] structure. The average Ag···Ag distances are 3.174 (1) [15] ), possibly due to the relatively stronger phosphorus σ donor capacity of dppa (amine) versus dppm (methane). The three Ag···Ag··· Ag angles in 1 are close to the standard 60 • of the equilateral triangle, however, the Ag(1)···Ag(2)···Ag(3) angle of 64.3 (1) • at the trigonal silver atom is obviously larger than the Ag(2)···Ag(1)···Ag (3) and Ag (1) 
